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Abstract 
This paper presents results on the use of the viability of the use of a multilayered a-SiC:H device for the 
detection of light signals in a traffic link visible light communication system. Different optical conditions were used 
to test the device performance using the specific wavelengths of traffic lights. Amplification of the output signal was 
carried out using an adequate biasing steady state illumination from the front and back sides of the device. A 
systematic study was accomplished by changing the intensity of this biasing optical light Performance of the device 
under adverse optical conditions was also analyzed through the superposition of a continuous light spectrum over the 
wavelengths of interest.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
Nowadays the visible light spectrum is being used in the communication technology Visible 
Light Communication (VLC) [1, 2]. This technology is implemented with light emitting diodes (LEDs) 
and takes advantage of the fast switching property of such devices. Among the available visible light 
sources, LEDs are the most adequate for this purpose as they exhibit fast transitions ON/OFF that are 
indiscernible for the human eye and enable the possibility of light transmission through the adequate 
modulation of the emitted light [3] signal. In this study we propose to implement VLC in traffic lights and 
a novel sensor device in the vehicle to read the transmitted information. This ensures that the traffic safety 
is not affected and it also provides information between the semaphores and the vehicle [4]. 
The detection of optical signals in the visible range can be done using different types of detectors, going 
from simple pin photodiodes, to avalanche photodiodes or photomultiplier tubes. In certain applications 
the use of a-Si:H and a-SiC:H is very attractive due to the numerous advantages related to this 
technology, namely, the possibility of large area devices, higher collection in the visible spectrum than c-
Si or the feasibility of device manufacture using different substrates [5, 6, 7, 8]. 
A new device is presented based on multilayered a-SiC:H heterostructures to detect identical transient 
visible signals. The transducer consists of a p-i'(a-SiC:H)-n/p-i(a-Si:H)-n heterostructure optimized for 
the detection of short and long wavelengths in the visible range of the spectrum. The proposed device 
used in this research behaves as an active color filter in the visible light spectrum [9, 10]. Electrical or 
optical biasing determines which band of the spectrum is filtered by the sensor. Three wavelengths 
present in traffic lights were used to evaluate the device performance. 
2. Device operation 
Fig. 1a) shows the simplified cross-section structure of the photodetector device. It is a 
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multilayer heterostructure composed by two pin structures built on a glass structure and sandwiched 
between two transparent electrical contacts. Fig. 1b) shows the several layers that constitute the device. 
The main difference between the two PIN structures is the semiconductor material and thickness of the 
intrinsic layer. 
a)  b) 
Fig. 1. Device configuration.  
The front pin a-SiC:H photodiode is responsible for the device sensitivity in the short 
wavelengths of the visible range (400 – 550 nm) due to its narrow thickness (200 nm) and higher bandgap 
(2.1 eV). The back pin a-Si:H structure works in the complimentary part of the visible range, collecting 
the long wavelengths (520 nm – 700 nm) due to the bandgap of 1.8eV [2]. 
3. Results and discussion 
3.1 Optoelectronic characterization 
Fig. 2 displays the photocurrent, measured along the visible spectrum, under reverse bias without 
and with optical light bias focusing the device from back and front sides. 
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Fig. 2. Spectral photocurrent under dark conditions using front and back violet light. 
 
The spectral response measurement unit uses a PC controlled setup based on a Triax 190 grating 
monochromator, a Stanford Research System SR540 light chopper and a SR830 DSP lock-in amplifier.  
Results show that the use of steady state light bias induces changes in the spectral sensitivity of 
the device. Front violet bias enhances the signals of long wavelengths (> 500 nm), while the violet bias 
imposed from the back side causes the opposite effect, as output photocurrent signal increase is observed 
in the short wavelengths range. 
3.2 Photocurrent under transient signals using single LEDs 
For the measurement of the transient signals using different input optical sources it was used a 
dedicated experimental setup. The block diagram is shown in Fig. 3. The photosensitive device is 
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irradiated by optical light supplied by red, yellow and green LEDs (the used wavelengths are the same of 
those used for traffic signals) and also by an additional violet background steady state optical bias that 
also illuminates the device by the front or back sides. The illumination system is driven by a LEDs driver 
operated by a microcontroller responsible for the overall timing and communication with a PC. The 
working parameters, such as, frequency, LED current and sequence of ON-OFF states can be changed by 
the user, stored and read back by the software. The system also generates a clock signal for 
synchronization or triggering purposes. The LEDs transfer characteristic of light intensity versus forward 
current can be obtained by calibration using a photometer. The pre-amplifier is used to amplify the output 
current signal from the sensor and to convert it into a voltage signal, so that this way the oscilloscope can 
read the generated values. 
PHOTO-
SENSOR
PC
POWER 
SUPPLY
OSCILOSCOPE
LOCK-IN
PRE-
AMPLIFIER
OPTICAL 
POLARIZERS
CONTROLLER
LEDS
 
 
 
 
Fig. 3. Block diagram of the setup used to characterize the device under different experimental conditions. 
 
The Lock-in amplifier is used to reverse bias the device at – 8V. The analysis of the transient 
device response used three monochromatic waveform optical signals driven by ultra-bright LEDs (red: 
626 nm and 30 μW/cm2; yellow: 600 nm, 55 μW/cm2; green: 525 nm, 30 μW/cm2) that, separately, 
illuminated the device from the front side. The optical signals were transmitted in free space, and the 
photocurrent signal was measured at -8V using front and back (400 nm) violet steady state illumination of 
variable intensity (in the range: 0.075-0.85 mW/cm2). In Fig. 4 it is plotted the transient signal transmitted 
by the red, yellow and green lights without and with front and back violet illumination intensity. On the 
top of the figure it is displayed the respective optical signal.  
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Fig. 4. Transient signal transmitted by the red (top), yellow (middle) and green (bottom) light measured without and 
with violet light of variable intensity (0.075, 0.315, 0.550, 0.725 e 0.850 mW/cm2): a) front and b) back illumination. 
The arrows show the increasing direction of the background light intensity. 
 
 
It is observed that for all wavelengths of the input optical signals the photocurrent follows the 
waveform of the input signals. Without background illumination (black line) the highest photocurrent is 
observed with the red wavelength and the lowest with the green. Under front violet optical bias there is a 
general amplification on the photocurrent signals.  
Under back background illumination the photocurrent decreases for every input wavelength. The 
highest attenuation factors are observed under the highest values of background light optical intensity and 
the value is around 0.6 independently on the input wavelength. These results were already anticipated by 
spectral response data (Fig. 2), and illustrate the effectiveness of using a front violet background light to 
amplify the photocurrent signal generated by the light supplied by traffic lights. 
In Fig. 5 is displayed the relation between the optical gain and the optical intensity of the 
background light.  
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Fig. 5. Variation of the optical gain and the optical intensity of the background light by the: a) front and b) back sides. 
 
The amplification factor grows with the intensity of the violet front light, ranging from 1.5 to 5, 
depending on the input wavelength. The red light is the one that experiences higher amplification, 
followed from the yellow and then the green wavelength. 
In order to better adequate the simulated experimental conditions to the real environment of 
traffic lights, further tests were carried out by adding the illumination supplied by other optical sources 
such as fluorescent and halogen lamps. Actually, this corresponds to the superposition of a continuous 
spectrum of light, from near ultraviolet deep into the infrared, which will affect the device output 
photocurrent due to the presence of other wavelengths. The measured signals are identical to the ones 
measured without these parasitic effects. The main difference lays on the magnitude of the photocurrent 
signal that is reduced. 
In Fig. 6 it is displayed the optical gains variation with the intensity of the background light, 
overlapping fluorescent or halogen light to the optical signals driven by the LEDs and the steady state 
violet background light. 
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Fig. 6. Optical gain variation with the intensity of the background light, overlapping fluorescent or halogen light to 
the optical signals driven by the LEDs and the steady state violet background light from a) front and b) back sides. 
 
Results show that the influence of the additional lighting effects due to fluorescent and halogen 
sources are not relevant on the optical gains related to each LED wavelength. Under front background 
light the red and yellow wavelengths present amplifications around 6-7, as happened in the absence of 
this effect (Fig. 5a), while the green light is less amplified and shows also a similar gain, around 3. Under 
back background light the attenuation factors are slightly smaller than in the absence of 
halogen/fluorescent light. 
3.3 Photocurrent under transient signals using a LED traffic light 
From the previous results it was concluded that the presence of parasitic light from other light 
sources, enables still the device to measure the wavelengths of interest. In order to enhance the 
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experimental conditions, additional tests were performed using a LED traffic light of yellow wavelength. 
The tests were done in the laboratory, using the experimental setup shown in Fig. 7. 
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Fig. 7. Block diagram of the experimental setup used with a LED traffic light. 
 
In this setup the alternate ON-OFF states of the LEDs light was carried out by mechanical forms, 
instead of being driven by an alternate current as in the previous experiments. For this purpose the yellow 
LED traffic light was powered by a DC source, supplying then a steady state light. Between the traffic 
light and the photosensitive device it was placed an optical chopper that allowed a periodic interruption of 
the light beam. The remaining instrumentation is the same used for the experiments described in Fig. 3. 
In Fig. 8 it is displayed the transient photocurrent signal resulting from the yellow light of a real 
LED traffic light with and without front and back violet illumination. On the top of the figure it is 
displayed the correspondent optical signal.  
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Fig. 8. Transient photocurrent signal resulting from the yellow light of a real LED traffic light under: a) front and b) back violet 
steady state illumination. 
 
 
 
Conclusions 
A multilayer structure based on a-SiC:H/a-Si:H was analyzed for the detection of visible signals 
in the visible range, using the specific wavelengths used in traffic lights (red, yellow and green). The 
output device photocurrent was measured with the device properly biased at -8 V and under violet front 
and back background light. The study was carried out using LEDs driven by and adequate controller 
circuit to generate the optical signals. Different experimental conditions were tested in order to evaluate 
the device performance in the presence of parasitic effects caused by additional wavelengths. A more 
realistic test was done using a LED traffic light of yellow wavelength. From this study it was concluded 
that the device is adequate for the detection of the lights used in traffic links, and that the use of 
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background illumination is a suitable biasing tool to amplify the device output signal. This allows the use 
of such device in visible light communication for traffic links. Future work comprises the test of other 
LED traffic lights of red and green wavelength and the experimental analysis of the device performance in 
outdoors environment.  
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